time and ejection time proved to be nearly equal to the corresponding intervals measured internally;from these data it is concluded that pre-ejection time and ejection time in children with aortic stenosis can be measured reliably by non-invasive methods. Mean values for corrected total electromechanical systole and ejection time were prolonged, but the corrected pre-ejection time did not differ from the normal value. When corrected time intervals were plotted against severity of the aortic stenosis as expressed by the peak systolic pressure difference or the aortic valve orifice index, a wide scatter was found. It is concluded that a normal ejection time is strong evidence against a peak systolic pressure difference of more than 50 mmHg (6.7 kPa) or an aortic valve orifice index less than 0.70 cm2 per m2 BSA. A prolonged ejection time, however, may occur in mild as well as in severe stenosis. Total electromechanical systole and pre-ejection time have no value in predicting the severity of aortic stenosis in children.
Most of the data from numerous studies, concerning the relation between systolic time intervals and the severity of aortic stenosis, refer to adult patients. No groups consisting exclusively of children have been investigated. When aortic valve stenosis is complicated by ventricular decompensation, which occurs far more often in adults than in children, the initially shortened pre-ejection time and prolonged ejection time may become normal or less abnormal than in compensated aortic stenosis (Bonner and Tavel, 1972; Weissler, Lewis, and Leighton, 1972) . rhis may be one of the causes of the poor correlation between systolic time intervals and the degree of stenosis as found in adults (Benchimol, Dimond, and Shen, I960; Braunwald et al., I963; Epstein and Coulshed, I964; Sherman et al., 197I; Ibrahim et al., 1973) . Moreover, variations in cardiac Received I9 March 1975. :LThis work was supported by a grant from the Netherlands function, either spontaneous or caused by the catheterization procedure, may affect the relation between the internally measured degree of aortic stenosis and the externally measured systolic time intervals, if these measurements are not performed simultaneously. To date, to our knowledge, the value of systolic time intervals in predicting the severity of the aortic stenosis in children has not been critically investigated by simultaneous recordings using invasive and non-invasive methods.
The present study was undertaken to assess the value of systolic time intervals obtained by noninvasive methods in predicting the severity of congenital valvar or discrete subvalvar aortic stenosis in a group of 30 children without clinical signs of congestive heart failure. Simultaneous recordings were obtained by invasive and noninvasive methods.
Patients and methods to a Statham P23H differential pressure transducer set at zero level 5 cm below the sternal angle. When the catheter tip was used for left ventricular pressure measurements, the aortic catheter was connected to a Statham P23Db transducer. The zero level for the left ventricular pressure measurement using the catheter tip manometer was adjusted to that of the aortic catheter. Dye dilution curves were obtained by injecting 2.5 mg indocyanine green into the pulmonary artery and sampling from the aorta. For that purpose the aortic catheter was connected to a suction device and a linear reflection densitometer (Ten Hoor and Mook, I969) . At the end of the catheterization cineangiocardiograms were made with contrast injection into the left ventricle and the aortic root. The left ventricular end-diastolic pressure was measured from high gain pressure curves either as the minimum pressure immediately after the Ca wave or as the pressure at the moment of the beginning of the steep pressure rise. The average of I0 endexpiratory measurements was used. The left ventricularaortic peak systolic pressure difference was measured from simultaneously recorded pressure curves. The mean systolic pressure difference was obtained by planimetric integration, using the average of 5 consecutive beats. Cardiac output was calculated from the dye dilution curves using the Stewart-Hamilton equation. Stroke volume was obtained by dividing cardiac output by heart rate. The aortic valve orifice was calculated using the formulae of Gorlin and Gorlin (I951). Cardiac output, stroke volume, and aortic valve area were divided by body surface area to obtain cardiac index, stroke index, and aortic valve orifice index. The left ventricular ejection time te (Pao) was measured from the beginning of the upstroke of the aortic pressure curve to the trough of the incisura. The pre-ejection time tpe(P) was obtained by measuring the interval between the beginning of the Q wave and the point where the upstroke of the left ventricular pressure tracing from the catheter tip manometer reached the diastolic aortic pressure (Fig. i) .
Non-invasive methods For the electrocardiogram the lead with the earliest and clearest Q wave was taken. The phonocardiogram was recorded with a crystal microphone (Hewlett-Packard I40I I A) using either a I00 or 200 Hz cut-off frequency. The microphone was placed over the upper part of the praecordium in a position optimal for recording the initial high frequency vibrations of the first and second heart sound. The carotid artery pulse tracing was recorded with a funnel-shaped pickup connected to a pressure transducer (Statham P23Db) by a steel tube (length 4 cm, internal diameter 4 mm). The funnel was placed over the carotid artery and the vent of the transducer then closed for recording the pulse. Respiration was recorded by a thermistor placed in front of one of the nostrils or inserted in the airway tube when general anaesthesia was employed. To study the possible effect of the catheterization procedure on the systolic time intervals, simultaneous recordings of electrocardiogram, phonocardiogram, carotid pulse tracing, and respiration were made less than 48 hours before the catheterization The following systolic time intervals were externally determined (Fig. i) . The total electromechanical systole tems was measured from the beginning of the Q wave of the electrocardiogram to the first high frequency vibrations of the aortic component of the second heart sound. The left ventricular ejection time te was measured from the beginning of the upstroke of the carotid artery pulse tracing to the trough of the incisura. The preejection time t,. was obtained by subtracting the ejection time from the total electromechanical systole. In addition the ratio of pre-ejection time to ejection time was calculated. All time intervals were measured in 5 to I0 consecutive cardiac cycles and then averaged. The beginning and the end of a series of consecutive readings were selected so as to fall within one and the same respiratory cycle. Measurements were made to the nearest S ms. The time intervals were corrected for heart rate, age, and sex, using the method of Moene (1974) , based on regression equations published by Golde and Burstin (1970) and Weissler, Harris, and Schoenfeld (I968) .
According to this method the normal values are as follows: tem,= 378 + I4 ms; te = 277 + In ms; tpe = 99± I3 ms.
Results Table 2 presents heart rate, total electromechanical systole, left ventricular ejection time, and preejection time as measured externally less than Table 3 , together with the internally obtained ejection time and pre-ejection time values. In 2 patients (Cases 2 and i6), in whom the aortic pressure tracing was recorded using a fluid-filled catheter, accurate determination of ejection time was impossible. In the other patients, the externally and internally obtained ejection time were nearly equal, a maximum difference of I I ms being found (Fig. 2) . In IO out of I3 patients in whom the left ventricle was catheterized using the catheter-tip manometer, a distinct upstroke point of the pressure tracing allowed exact internal measurement of the pre-ejection time. Fig. 3 shows the pre-ejection time measured externally plotted against the preejection time measured internally. The values are nearly equal; the maximum difference is 6 ms. The haemodynamic data are given in Table 4 . The cardiac index ranged from 2.9 to 6.5 I/min per m2 BSA, the peak systolic pressure difference from Io to IIo mmHg (I.3 to 14.6 kPa), and the aortic valve orifice index from 0.42 to i.83 cm2 per M2 BSA. The peak systolic pressure difference and the aortic valve orifice index are plotted against the corrected time intervals in Fig. 4-6 (Fig.  4) . The ejection time was prolonged in I9 Out of 30 patients (63%) and was within the normal range in the others. Fig. 5 shows the wide scatter when the ejection time is plotted against the peak systolic pressure difference and the aortic valve orifice index.
In Fig. 6 the pre-ejection time is plotted against the peak systolic pressure difference and the aortic valve orifice index. The pre-ejection time was within the normal range in the majority of the patients. When the ratio of pre-ejection time to ejection time was plotted against the two indices of severity of aortic stenosis, no correlation was observed. A' (cm2 per m2) FIG. 5 Relation between the corrected ejection time t* and (A) the peak systolic pressure difference P lv (max) -Pa0 (max) and (B) the aortic valve area index A'. The solid line t* = 277 ms represents the normal valuefor the corrected ejection time; the horizontal dotted lines indicate ± 2 the standard deviations. The vertical dotted lines in A and B divide the patients into a group with severe and a group with mild aortic stenosis. (Braunwald and Friedman, I968) . In the present study the externally obtained tracings allowed time interval measurement in all patients, the absolute values corresponding closely to the same time intervals obtained internally.
Taking the mean value for the whole group, the corrected ejection time was significantly longer than normal, in agreement with other studies (Katz and Feil, I926; Benchimol et al., I960; Jezek, I963; Hartman, I964; Moskowitz and Wechsler, I965; Weissler et al., I972; Bache, Wang, and Jorgensen, 197I) . The prolonged ejection time is due primarily to the increased afterload (Shaver et al., I968) . In adult patients with compensated aortic stenosis, a shortened pre-ejection time has been found by a number of investigators (Jezek, I963; Bonner and Tavel, I972; Weissler et al., 1972; Ibrahim et al., 1973) . A shortening of the pre-ejection time, which in fact represents a shortening of the isovolumic contraction time, is caused by a more rapid rise of the intraventricular pressure and/or a diminished end-diastolic pressure difference between the aorta and the left ventricle (Reeve, Kawamata, and Selzer, I966; Talley, Meyer, and McNay, I97I) .
In the present study the mean corrected pre-ejection time was within the normal range. This discrepancy cannot be explained by an altered functional state of the heart during catheterization and anaesthesia. Though the pre-ejection time values obtained before catheterization differ significantly from those obtained during catheterization (Table 2) , they still fall within the normal range. According to Weissler et al. (I972) , the lengthening of the ejection time in aortic stenosis often exceeds the shortening of the pre-ejection time, resulting in a prolonged total electromechanical systole; the ratio of pre-ejection time to ejection time is often strikingly reduced. The mean corrected total electromechanical systole in the present study was prolonged. The ratio of pre-ejection time to ejection time in several of our patients was reduced, as compared with the normal values that can be calculated from the data of Golde and Burstin (I970). The relation between systolic time intervals and the severity of aortic stenosis is shown in Fig. 4 
